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GENERALIZED ULTRASONIC SYSTEM FUR MICROCUMPUTER CUMTROLLED DATA COLLECTIUN

Ronald D. Strong
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 37545

ABSTRACT

A system developed by the NDE Group of the Los Alamos Scientific Laboratory for the automated

scanning of objects with an axis
greater versatility in the moticns.
objects are also presented and discussed.

INTRODUCTION

In order to provide adequate ultrasonic
inspection of parts used or fabricated within the
Los Alamos Scientific Laboratory(LASL), it became
apparent that a specialized scanning system was
necessary to position the transducer relative to
the parts and move the parts. Many of the Lypical
parts which are inspected have spherical geonetry.
Two half shells are usually brazed or welded
together to form the sphere. A scanner was
designed and fabricated which could scan the
surface of a spherical object of virtually any size
to & maximum diameter of 22% mm. This scanner is
shown in fiy. 1. The size variation was partially
eccommodated through the use of pedestals of
different heights. [Initially the scanner was
continuously driven and the results were plotted
using a slaved X-Y recorder. The X- and
Y-positions were generated using a sin-cos
potentiometer. This caused the recorder to draw a
circle as the turntable moved. The radius of this
circle was controlled by a potentiometer which was
coupled to the wonn gear shaft which positions the
swirg arm.  The dvameter of Lhe circle is theretore
d Function of Lthe position of Lthe Lransducer
relatlive to the equator ot the sphere, A
relatively simple two angle mamipulator, which we
had designed and used previously in manual
scaners, was mounted on Lhe swing amn Lo pemit
afming of rthe transducer.  The qo/nogo output of
the flaw yate or Lthe altrasomc 1nstegment
controlled the pen fL mechanism of the recorder.

This scanner worked well. With the
aviai Tabi ity of microcomputer hardware ond
sottware, the oguipment was upyraded to allow
simple control ot the data collection process by
Lhe mtcrocaputer. A pholosensor was used Lo
indicate the "0" posttion ot the turntable. The
amplitds voltage fran the gate analag ontpal. was
ted to an amalag=dvegqital converter(ADG),  bamples
wore takon at progeamned L fncrementys aftor the
"M pos it ton was passieds The digrtreod amplbude
data were stored In aevays sequentaally, o that
the Tocattan of the datuin 1S represent alive of part
volat fon or longitude.  Each array voprosented one
complete rotat ion at a4 particular latitude.  An
areay length of 1000 words was chosen, which

of rotation is described.

This system i5 still being expanded to allow

Data which was collected using the system and some typical test

resulted in samples being taken at 0.36°
incraments.

i1y, 1

Original object sconner.

Many of the inspections are made on sguatortal
welds in ovessels which have o square hatl joiat
cor tquedat fon at the weld root,  The welds
froquently are also allowed to have o tinite depth
of incomplete ponelration.  This required us Ly
Make o quantitive determination of Lhe penetration
dopth.  The measurement of the raw reflection
stqmal v not yield a direct indicatin of the
ront hergnt ddue to satumatton ot the sigqeal ot o
notch depth of about 0% am or about. 20% of the
wall thichness,  Greater depthy Lhan “hat do resul!
tn the retloction being observed ot o greatey
mpnher of Tat ttades when Lhe abjec!t was scanmed,
AL this point ot was decided Lhat tf would be
dedvant ageous to have the two scanner uot tong detver
under ot tware control usaing stepper aotors,



. SYSTEM DESCRIPTION the controll~r. The contrciier 1s addressed and
. . coupled to a single interface with a Biomation 3100
A duplica‘e of the original scanner was transient recorder and a M-5 designed storage
fabricated with modifications allowiny the display controller.
installation of stepper moturs. The scanner is
used as part of on integrated system containing u
microprocesser for control. Fig. 2 shows the
companents of the entire system. The scanner is
shown in figure 3. Gear reduction drives are
utilized to increase the torque output of the
moltors and to decrease the relative movement of the
driven (xis to a reasonable value. A 30 to 1
reduction on the vertical axis rotation is usoed
resulting in a incremental movement of U.12° per
step. For the 5w1ng armi a 20 to | reduction was
used which results in a incremental movement of
0.003° per step. The particular motar driver which
wa are using drives the motors at 100 incraments
per revolutien. The notors operate at 200 steps
per revolution but the drive contrcller outputs two
steps per command increment. Both motors are
operated within the zero crror start/stop speed
regime or at about 250 steps per second. Backlash
within the scanning motions is reduced or, for our
purposes, eliminated by only scanning in one
direction. When a particular motion is returned t;
a starting position, it is moved past the desired
start and then repositioned by moving to that
position in the same direction as scanning is done.
This 1is a standard method for backlash compensation
in mumerical control machines.
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Flg. 2 Block draprum of data collection systen,

An additional axis has also been adided to the
tank portion to allow transverse movement of Lhe
transducer assonblys This axls 15 assompled as a
Frame so it can be removed when not. required.
Vigure 4 shows the Lank with the trame attached,
This aan s used when two Lransducors are ragu | red
to perform the (nspection or experiment.  The axis

dasoanoancresntal opaveront ot QO Y i, e Fige 4 Transvorse pntron axis frame mounted on
LA Lank assoubly,

The particular motor contenller being used wan The microcomputor system that. 1 by
built oy firoup M-h of (AT, TL §5 capable of ubfbized b 0 DEC ESTE=L1Z0 processor with 37k words
deceding an tnstreuctian feam the comput er interface of memory and the extended and 1 lodbing pnint,
to derye one of towr motors in g spectf fud fnscruetion set options,  The R1-11 operat 1ng
directten tar g directod mpsher of stops trom | Lo system 15 usod. A dual=deive doubleadeny ity tloppy
SO Oaly one s can be detvon ab g tiee, bat, dise unit s used tor progeam and mass s torage,
thin s novaally nob a stquiticant problem,  Dryvep DRY-TL parallel intertaces are uned 1o intertaee

ar tramsbator cards butlt at LASL are also wand with the extormal devices. FORIRAN 15 uned g% the



high level language and the MACRU assembly language
is used to program the operation of .he peripheral
instruments.

DATA COLLECTION EXAMPLES

As stated previously many of the inspections
performed using this systoem are of equitorial
welds.  The system is set up by adjusting the swing
arm frame height until the change or runout in the
water path is minimal when the armn is rotated.

This positions the arm pivot axis so that it passes
through the centar of the syhere. Since a shear
wave anygle beam inspection 1s desired, the
transducer mantpulator is adjusted so that the beanm
is normal to the surface. An offset angle then is
turned into the manipulator to qgive a nominal 45*
shear beam angle. A 5.0 Mhz focused broadband
transducer(Aerotech Alpha or Panamefrics VIP
Series) is used. "he focusing improves the
spatial resolution along the weld length and the
material thickness is thin enough that unsyme:rical
focusing duc to the spherical surface does rot
cause problens. The swing arm is moved so that the
beam is out of the weld arca, and the scainning
process begins. The current program makes twenty
rotational scans v.ith the drm being incremented
0.3% per revolution. This is normally sufficient
to completely traverse the weld zone on the first
bounce. A KBI KB60UO ultrasonic instrument is
used. This instrument has a digital output of both
gate time ond amplitude. At the present time only
the amplitude word is used. As the scanning
process progresses the data are stored in a two
dimensional array. An array of the maximum
amplitudes observed at each longitude is also
maintained. The maximum amplitude array and a
polar plot of ary data which cxceeds 50% full scale
amplitude is displayed on a storage scope along
with the current amplituds data. This aliows the
operator to follow the inspection and to make
judgements about the validity of the data. When
the scanning is completed, the accumulated data
plus some title informatlon is stored on floppy
disc for furthor processing.

The stored data is plotted oul using 2 DLC
POP=11/0G »n a Versatee printer/ploLtor withogt,
extensive processing.  gne output is the ma-
amplitude vatues and a palar plat ot &1 poinis
which are greater than 2058 of Ffull scale amplitude.
The dot si1ze ot the latter plob is varied with the
amplitude. Those plots are shown i Lig. b, A
sacond outpul 15 an tsometric representation o the
amplitade data for all scans.  This plot is shown
tn Tig ve Dne of Lhe beantits of having Lhe
max fmgm amplitude plot generated by svaluat ing Lhe
data from all scans 15 Lthat the allgmment. or the
sqportorial plane ot the test itom does not Vave Lo
He aligned pertectly normal to the rotalional axts,
Also the notenes an the sample or standard Lo nol.
have Lo be An pertect al{amnent | byt some toleranes
in ad bowed i Lhove placewent

A ocand type ot eyvaluabien Chat can be nade
15 studying the retraction and mode conversion of a
wiave striking a metal dise 2t varying angles,  This
qeametry 1y to be used Tor stuaying the albenuas ton
g sample o wnteh mght contaan il tiple detogtys or
asone ol sodttied propertiegs. Flg, 4 shows the
basie setup, The Topgrtudinal and shear wave
veloctbies o the dise can beodetermimmd,

J
\
“.
/
eI w
Mgl
\§§§
189
TEST RUN ON -5 STHNLKIRD 20-JUN<HO KEGIUB hi Lot Tl YT R
1
[t
Wiva
3 rnol '.
" . !
| (“, | b
u I .
! N 1
[ — — . —
L] 1 [ LT il
RO 0

Fig. 5 A graph showing the polar plot ond maximum
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amplitude nlot from a standerd containing
I. D. noiches with depth; of 5, 10, 20, and
30% of Lhe material thickness.
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A graph showing isometrie plot reprosenting
refloction amplitude tor all scans.

Piqueas B threaugh 10 show soie of  the wavetors
abtarned from the dise,  The wiye trams

digati

sod using g Browatton A1OD tranyenl

recaorders  The displayed data is Lhe average of the

rowc LU pulsess The Tongrtudinal and shoar

vitve velar vos that wore caleubated from the data
are WLz bnZsoe ane 13D b/wee o T compares
with o longutadimal wive veloctty of S0/ km/se
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Wave train obtained without a specimen in
the water path.
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Wave Lrain obtained with the specimen
rotatad o' ottt normal,  The recerving
Lransdocer 15 oftael to ohtain peak
b itgde fean the fiest longitamdingl
refractel waye,

= 1 1. 73

=¥2L ITUDE

ol (L Y TR U WY

SREIGI e TRaE

FoNLE - 1.odw

(5700 SuPY B S
PSTART N .9 RER
NUGRMu, TN ICRYN L

|

L] [} 1. in oo
PIME M sl

Fige € Wave truin obtained with the speciaen

inserted ot normal incidence.
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SUMMARY

Automatic data collection, processing and
<isplay using mini- and microcomputer techno!ogy
has been used by Group M-5 of the | os Alanos
Scientific Laboratory to achieve greater detail in
ulzrasonic inspections. This was achieved by
assembling an automated scanner that althouygh it
was specifically tailored to spherical shapes can
be utilized to perform the sample ard tranducer
motions Lo take data from virtually any sample
which st Be rotiated on an ax1s during the
inspection or experiment. Work on 1ncredsing the
types or iotion that ure available 1s continuing.
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